I. INTRODUCTION
codes for several Tx antennas is described in Section V and Space Time Trellis Coded Modulation (STTCM) was intro-VI respectively. Finally, it is shown in Section VII that the duced in 1998 by Tarokh et al. [1] by combining channel best B-STTC outperform or equal previously known codes. coding with the Multiple Input Multiple Output (MIMO) concept to improve the data rate and the reliability of wireless communications. Many performance criteria have been estab-II. SPACE TIME TRELLIS CODING lished to maximize both diversity and coding gain of STTC. The rank and determinant criteria for slow fading channels
We consider the general case of 2T-PSK space-time trellis with the Euclidian distance and the product distance criteria encoder as shown on Fig. 1 (n = 2 for QPSK modulation). for fast fading channels have been proposed in [1] . In [2] Chen introduced the trace criterion which governs the coding for systems with a great product of the numbers of transmit -- antennas have been found by a systematic code search [3] 1 C2,1 1 0C2,2 Ci,+ c2, v+p [6] . The performance study of these codes was carried out C i,2 over slow and fast Rayleigh fading channels to identify the mod 2 most efficient ones [7] . It has been shown that over slow fading channels, the codes constructed with the trace criterion Ckk ---- data are generated by a binary memoryless source with equally Fig. 1 . ST trellis encoder for 2n-PSK and nT Tx antennas probable symbols. Therefore, we call these codes "Balanced-STTC" (B-STTC) [9] .
---------------------
This encoder is composed of one input block of n bits and Until now, no efficient construction method of STTC has . memory blocks of n bits. At each time t C , all the '~~~~~~~~~~~bits of a block are replaced by the n bits of the previous been proposed and systematic code search has been employed block. The The concept of "balanced codes" is based on the observation n that all the good STTC proposed in the literature present the 4 same property: the generated symbols of the constellation are
In the following, a method to design fully balanced codes equally probable.
is presented. The properties of the bases of ZnT, which Indeed, if the binary input data is generated by a me-characterize the fully balanced codes are listed. Further, the moryless source S = {0, 1} with equally probable symbols, systematic search will be performed only for these fully then, in the case of 4-PSK modulation, from a given state balanced codes. In addition, if <(7 Z) - The algorithm to obtain a type III base of Z3 is as follows: o0 2 3) Choose the vectors u1 C Cl, v1 C Cv, w1 eCc. Because
In this table, all the codes are related due to the trace ui + Co =Ctl, the whole coset Ct, is generated. In the properties presented before. similar way, Cv and Cw are generated. By using Property
For the 16-state 4-PSK STTC, the construction and the 9, the other cosets are also generated.
research of the best codes are made from the 4-state 4-PSK STTC by using Theorem 2. Fig. 2 . Note that same rank, trace and product distance. The simulation results all the codes given in Tab. II achieve the same performance have shown that they outperform the other 4-state STTC for than the code of Chen [2] and they offer better performance 2 transmit antennas. than the codes proposed in [5] . quasi-static with mm (rank(tA))J 3 and mm (tr(A)) 2 f All flat fading channels," IEEE Commun. Lett., vol. 6, no. 2, , of them achieve the same trace than Some of these 7296 codes are represented in Tab.IV. Similarly codes for two, three, and four transmit antennas," IEEE Trans. on to the case with 2 Tx antennas, by using the trace properties Vehicular Technology, vol. 53, no. 2, pp. 318-328, March 2004. 
